The prospects for using the present-day data on metallicity of globular clusters (GCs) of the Galaxy to put constraints on the distance to the Galactic center, R0, are considered. We have found that the GCs of the metal-rich and metalpoor subsystems separately form a bar-like structure in metallicity maps whose parameters are very close to those for the Galactic bar. The results indicate the existence of a bar component within both the metal-rich and metal-poor subsystems of GCs. The bar GCs could have formed within the already existing Galactic bar or could have later been locked in resonance with the bar. We conclude that substantial constraints on the R0 value can be obtained only with non-axisymmetric models for the space distribution of GC metallicities with the allowance for the subdivision of GCs into subsystems. We found evidence for a bar extinction component that causes the observational incompleteness of GCs in the far side of the Galactic bar and in the "post-central" region. This selection effect should be taken into account when determining R0 from the spatial distribution of GCs.
Introduction
The study of the spatial distribution of metallicity for the Galactic system of globular clusters (GCs) helps to reveal the properties of this system, which are of importance for our understanding of the formation and evolution processes of the system and of the whole Galaxy. In particular, the analysis of this distribution, along with that of kinematics, made it possible to establish the division of GCs into two subsystems: metal-rich disk GCs and metal-poor halo GCs (Zinn 1985) . More recently, halo GCs, in turn, were shown to be subdivided into at least two groups based on their horizontal branch morphology, kinematics, and other parameters (Zinn 1993; Da Costa & Armandroff 1995; Borkova & Marsakov 2000 ; see also Bica et al. 2006 and references therein). In addition, three subsystems were identified among the metal-rich GCs (Burkert & Smith 1997) .
Another problem that is discussed extensively is that of the existence of metallicity gradients in the GC (sub)system(s) (e.g., Zinn 1985; Alfaro, Cabrera-Caño & Delgado 1993; Borkova & Marsakov 2000; van den Bergh 2011) . This problem, in addition to its importance in itself, is associated with the problem of the determination of the distance to the center of the Galaxy, R 0 . For one thing, an investigation of the spatial metallicity distribution (as well as merely the spatial distribution) of GCs requires the distance scale for GCs to be compatible with the adopted R 0 . For another, the existence of a radial gradient, more gen-⋆ Corresponding author: nii@astro.spbu.ru erally the dependence of [Fe/H] on the distance of the GC from the Galactic axis, R, can, in principle, impose constraints on the value of R 0 . Surdin (1980) suggested a method of estimating R 0 based on the [Fe/H]-R relationship assuming that the GC distribution in the coordinate-metallicity (X, Y, Z, [m/H]) space is axisymmetric. However, the R 0 values found by Surdin (1980) from all GCs without subdividing them into subsystems, R 0 = 9.9 ± 0.3 kpc and R 0 = 10.3 ± 0.6 kpc for two catalogues of GCs, now appear to be overestimated. This cannot be explained by the evolution of the distancescale calibration: rescaling to the current calibration
based on the most direct distance measurements within the Milky Way (see the 2010 edition of the Harris (1996) catalogue), yields R 0 = 10.8±0.3 kpc and R 0 = 10.1±0.6 kpc, respectively. Although the revised R 0 estimate found by applying this method to the original version of the Harris (1996) catalogue is 8.6 ± 1.0 kpc (Surdin 1999) , rescaling it to calibration (1) gives a larger value of 9.0 ± 1.0 kpc. Let us now compare the estimates obtained using Surdin's method with other R 0 estimates based on GC data and with the current best values of R 0 . Table 1 lists the average R 0 values derived by applying the same procedure as used by Nikiforov (2004) to a selection of groups of R 0 estimates. We use an updated version of Nikiforov's (2004) sample of R 0 estimates published since 1974. In the case of GC-based estimates, only the result by Bica et al. (2006) , Surdin (1999) . b The quoted error does not include the systematic uncertainty of the adopted distance scale.
R 0 = 7.2 ± 0.3 kpc, was added. All GC-based estimates are rescaled according to calibration (1). In the table, N est is the number of R 0 estimates; N pap , the number of papers, and N hg , the number of homogeneous groups of R 0 estimates, i.e., based on the same class of methods, the same class of reference distances, and the same type of reference objects (see Nikiforov 2004) . The uncertainty of the average value, R 0 , listed in Table 1 for groups of GC-based estimates reflects the statistical uncertainty and the systematic uncertainty of the method used to derive the R 0 estimate from the adopted reference distances (see Nikiforov 2004 ), but does not include the systematic uncertainty of the adopted distance scale, because the latter is the same for all GCs' groups. The uncertainty in value of R 0 derived from all estimates is a combination of all errors.
The bottom entry in Table 1 shows that the R 0 estimates based on the radial metallicity gradient are essentially greater than the mean value of R 0 = 7.9 ± 0.2 kpc averaged over all methods and objects -the so called "best value" for R 0 ; cf. the best estimates of R 0 = (8.15-8.25) ± (0.14-0.20) kpc by Genzel, Eisenhauer & Gillessen (2010) deduced from 11 recent (2006-2009) R 0 estimates. However, the discrepancy between the results obtained by Surdin's method and those obtained using other GC-based techniques is, on average, even greater (Table 1) , although all these R 0 estimates were rescaled to the same calibration.
Such discrepancies may be due to incorrect assumptions adopted in Surdin's method. In particular, the method does not allow for the fact that the GC populations consist of the metal-rich and metal-poor subsystems, that is, it assumes, in fact, the existence of a smooth radial metallicity gradient for the entire system of GCs; however, now we see that this appears not to be the case, rather the gradient is like to a stairstep (e.g., Borkova & Marsakov 2000; van den Bergh 2011) . If so, the efficiency and systematics of Surdin's method depend on the existence of radial gradient in the metal-rich and/or metal-poor subsystems separately. However, radial gradients are found to be insignificant for the most of GCs' subsystems identified (e.g., Borkova & Marsakov 2000) , at least for a fixed value of R 0 . If there are no radial gradients within the metal-rich and metal-poor subsystems, Surdin's method reduces to the determination of the centroid of distribution of metal-rich GCs, i.e., becomes akin to Shapley's method and related ones (see, e.g., Reid 1993; Nikiforov 2004) . If so, then it is not clear why R 0 estimates found by these two approaches are so different (Table 1) ? It is only clear that in this case the allowance for selection effects in the distribution of GCs caused by extinction becomes as important for Surdin's method as it is for Shepley's method. In both methods, simulations were performed to estimate the bias (Surdin 1999; e.g., Racine & Harris 1989 ), but the results of such modelling depend on the assumptions concerning the extinction law. This may be an additional source of systematic error in both methods.
The starting point for this work was to clarify, based on the current knowledge of the Galactic GC system, whether the present-day GC metallicity data can impose (significant) constraints on R 0 . Pursuing this goal has sent us to evaluate the uncertainty of new metallicity data and study the details of the GC distribution. In this paper we present some of the results obtained.
Data on globular clusters
Our GC data is the 2010 December version (hereafter H10) of the Catalog of Parameters for Globular Clusters in the Milky Way by Harris (1996) , N tot = 157. The catalog presents the distance estimates (for all GCs) calculated using the calibration
which is based on the most direct distance measurements for objects in the Milky Way and on the distances to GCs in M31 found with an adopted fiducial distance for M31. Thus this calibration is to some extent secondary compared to calibration (1). The latter is only slightly fainter (0.01-0.02 mag) than calibration (2). For 152 GCs, the new list provides [Fe/H] values that are on a new metallicity scale based on high dispersion spectroscopy (Carretta et al. 2009 ). This represents a fundamental change from the older metallicity scale by Zinn & West (1984) relation is +0.98, and the weighted least-squares solution for the fit 
In particular, 
Metallicity distribution and subsystems of globular clusters
From this point on, we shall use only the [Fe/H] estimates from H10. Based on our best-fit solutions for the distribution of GC metallicities [Fe/H] (Fig. 2) , the [Fe/H] versus R and [Fe/H] versus Z relations (Z is the distance from the Galactic plane), we assume that the boundary between metal-pour and metal-rich GC subsystems is at [Fe/H] = −0.8 in the new metallicity scale of H10.
Our attempts to directly solve the set of equations
(here l and b are the Galactic coordinates of the GC and r is the heliocentric distance to the GC) for R 0 , f 1 , and f 0 for these two GC subsystems individually failed to produce well-conditioned results for R 0 . This has cast doubt on the correctness of axisymmetric models like (7) for the spatial metallicity distribution of GCs.
To analyze the GC metallicity field, i.e., the smoothed dependence of GC metallicity on spatial coordinates, we produced metallicity maps in the XY , Y Z, XZ planes for various subsamples of GCs. All maps presented in this paper were obtained by the weighted smoothing with the Cauchy kernel (d = 1 kpc). For the metal-rich and metalpoor subsystems of GCs, the XY metallicity maps, as well as the space distribution in the XY plane, indicate a centrally concentrated, bar-like configuration with the parameters that agree closely with those of the Galactic bar (Fig. 3 , top panels). This "bar component" of GCs, which is more pronounced for metal-rich GCs, also shows up for metalpoor GCs. Note that formal metallicity gradient along the long axis of bar is present in the XY maps for both GC subsystems. However, as is evident from the XZ maps (Fig. 3 , bottom panels), this gradient is in each case due to the fact that more metal-rich GCs are always or mostly located within the near side of the bar (in the far side, GCs are not visible, probably because of high extinction), and a group of the more metal-poor GCs is located, judging from their |Z|, near the far side of the bar, but outside it, and appear to be seen inside the bar only in the XY projection.
The bar-like configurations in the XY metallicity maps suggest the presence of inclined elongated structures in the plot of [Fe/H] versus Galactic longitude. Figure 4 shows that at least two such structures are actually present, with [Fe/H] ∼ −1.4 and −0.5 at l = 0
• for the metal-poor and metal-rich subsystems of GCs, respectively. For the metalrich GCs, the structure is especially long -it is seen to extend to |l| ∼ 30
• , i.e., it goes beyond the bar boundary. It is not improbable that more structures exist in the GC system: (i) a smaller subsystem with [Fe/H] −1 at l = 0
• , which forms an individual elongated configuration in Fig. 4 and, maybe, shows up in the [Fe/H] distribution (Fig. 2) ; (ii) possible breakdown of metal-rich subsystem into two groups with parallel chains of points in Fig. 4. 
Selection effects in the spatial distribution of globular clusters
The maps in Fig. 3 suggest that most of GCs at |Z| < ∼ 1 kpc are not detected behind the Galactic center. This effect is obviously asymmetric with respect to the Galactic center and therefore is unlikely to be due to dynamic causes. Needless to say, the deficit of GCs in the "post-central" region of the Galaxy is more likely due to extinction. In this section, we try to verify this hypothesis and examine the selection effect in more detail. Figure 5 demonstrates the existence of a post-central region of avoidance in the system of GCs: there are no GCs between the chain-dotted lines behind the Galactic bar, although there are GCs in front and inside the bar. This suggests that the absorbing matter concentrates not only in the Galactic disk, but also in the Galactic bar. The reddening map in Fig. 5 (top panel) is consistent with such speculation.
The reddening map and the spatial distribution of reddening in the XY plane (top and left bottom panels of Fig. 6 respectively) also indicate the existence of a bar (or at least a central) component of extinction. Moreover, almost all GCs inside the bar are distributed within the near side of the bar with a sudden cutoff along the major axis of the bar in the first Galactic quadrant and along the X = const line in the fourth quadrant (the same panels of Fig. 6 ). NGC 6355 at (X, Y, Z) = (9.16, −0.07, 0.87) kpc is not an exception to this rule: it is located almost exactly at the boundary of the bar (Fig. 6 , right bottom panel) is just projected onto the empty region.
We thus conclude that all these results can be explained only by the existence of a bar extinction component which www.an-journal.org produces a sudden GCs' distribution cutoff in the directions with the strongest extinction. Note that this conclusion does not depend on the adopted parameters of the bar, because the existence of the post-central region of avoidance found does not depend on these parameters.
The distribution of GCs in the XY and XZ planes with individual metallicities [Fe/H] indicated for each cluster (Fig. 7) illustrates how the presence of a bar component within both GC subsystems combined with selection due to the concentration of absorbing matter in the Galactic bar produce in metallicity maps (Fig. 3) structures associated with the bar.
The bar GCs differ noticeably from other GCs in terms of iron abundances (Figs. 7 and 8) . Figure 8 shows that in the metal-rich subsystem the fraction of GCs with the highest abundances is greater among the bar GCs than among GCs located outside the bar; moreover, the bar component of metal-poor subsystems contains only GCs with [Fe/H] > −1.50.
Discussion
The effect of bar-like configurations on GC metallicity maps suggests that the bar GCs formed within the already existing Galactic bar or were later locked in resonance with the bar. In the first case, the implication is that the Galactic bar may have the age of 10 Gyr or more. The presence of parallel elongated structures in the [Fe/H] versus l plot (Fig. 4) is rather indicative of bar-induced resonance effects. In any case, these GCs seem to be associated with the Galactic bar. Note that previously Burkert & Smith (1997) also identified the subsystem of bar clusters, but only among the metal-rich GCs, based on an analysis of the space distribution and kinematics. It is unlikely that this is due to chance.
Regardless of the details of the origin of this effect, it is clear that the spatial distribution of GC metallicities is not axisymmetric. Hence justified and strong constraints on R 0 can be obtained only in terms of a non-axisymmetric model for this distribution and with the allowance for the fact that the GC population consists of several subsystems. The sizes of bar-like configurations and the number of GCs located inside them lead us to expect statistical uncertainties of 0.4-0.5 kpc for R 0 estimates based on the metallicity data for each of two main subsystems of GCs. Hence we conclude that this approach appears to be promising.
Observational incompleteness of GCs in the far side of the Galactic bar and in the post-central region shows that the allowance for the selection effect due solely to extinction in the layer of constant scale height (e.g., Racine & Harris 1989; Surdin 1999) seems to be insufficient to eliminate the corresponding systematic errors in R 0 estimates. This may explain why the GC-based R 0 estimates are systematically smaller than the best R 0 values (Table 1) . 
